pi* VAX  I  PthWjn    11  hat:: 


MIBST  XJSSTR3  LASH 


B.  S.»  Kansas  State  College  of  agriculture 
and  Applied  f cience, 


a  nofiii 


euSoltted  In  partial  fulfillment  of  the 


Mlrener.te  for  tJ^e  degree  of 


HASTSR  OF  SCI8IC8 


KABSAS  STATS  COU.SOB 
OF  AG3ICULTGRB  AID  APPLIED 


UC' 
mtrrt 

•VI 

(932 

LSI. 
C.1 


I  •  I 


TABLE  OP  OOSTStifS 

nr 

3 

WB9USW  OF  OTBRATUBE 5 

12 Ti ~.OT>S    «.......*.....,»......,.........,.,,..,.„..  12 

RESULTS , jg 

Fffect  on  B©4jr  Weight 15 

Effect  on  Growth  • 

Development  of  Testes 17 

Development  of  Ovaries 22 

Sexual  Maturity 23 

Histological  and  Cvtologieal 27 

DISCUS818B 32 

CLUSIOSS  34 

AC 


35 


muMforra 

the  preeeat  age  of  experimentation  th* 
pia*al  bed;  rooeivod  ooa*ld*rabl*  (attention  fro©  the  phi* 
Ioso-^ops.  TN»a  Deeeartea,  In  the  atwrtiutt  century, 
speeulatlag  on  it*  possible  function  elevated  it  to  the 
high  PMb  of  beinf;  the  Mat  of  tie  soul.  MM  th*  adw*at 
of  exneriaieatetioa  aad  particularly  with  our  ineresaed 
knowledge  of  **w*ral  endocrine  glead*  ma?  Investigators 
have  triad  to  deterain*  whether  tha  pineal  night  hove  as 
endocrine  function. 

fh*  peat  tMrty  years  b**e  teen  tha  problem  approaehed 
froa  alaoat  ewery  eagle.  In  general,  too  main  line*  of 
reeeareh  hav  bean  followed,  that  of  glaadolnr  deficiency 
prodoaed  eaperlaentally  by  pineal  extirpation  and  that  of 
glandular  eaeeea  prodoewd  ex  eriaentally  by  pineal  feeding, 
the  Injection  of  plneel  extraeta,  aad  the  trempUatatloa 
of  the  pineal*  Otter  methods  of  a tody  haw*  included  clln- 
ieol  or  p»thologie«l  observation*,  *h*mloal  analyses,  aad 
•orphologiofil  atodlas  of  the  pineal,  la  spite  of  tMa 
w»at  study  it  doea  not  aeea  certain  that  a  definite  func- 
tion of  th*  piaeel  body  he*  yet  beea  d*aaa*tret*d« 


rcrapos* 

The  recent  sx'ccesa  of  this  laboratory  with  pituitary 

Implants  raises  the  question  of  the  effect  of  implants 

of  the  pineal*  *?ltb  this  In  mind  the  present  study  was 
began* 

MPriWB   OF  UTERAT0RE 

The  pineal  body  has  been  the  subject  of  much  exper- 
imentation*  Investigators  have  attempted  in  many  ways 
to  find  seme  possible  function  of  the  nineal*  This  work 
has.  no  doubt,  been  stimilated  by  the  success  of  similar 
studies  with  such  glands  as  the  thyroid,  adrenal  and  rit- 
ultary*  A  further  incentive  is  supplied  by  clinical  and 
pathological  reports*  Cases  of  pinesl  tumor  in  connection 
with  precocious  sexual  development  have  led  many  investi- 
gators to  study  the  pineal  in  regard  to  somatic  and  sex- 
ual development* 

Gordon  (1  1  )  reported  W  clinical  cases  which  have 
been  accepted  ae  pineal  neoplasms*,  Bailey  and  Jelllffe 
(1911)  summarised  a  study  of  ^0  such  cases,  17  of  which 
were  among  children  under  14  years  of  ap*.   Of  these  chil- 
dren thirteen  were  boys  and  four  were  girls,  disproving 
the  theory  that  the  condition  wae  limited  to  the  male  sex. 


fhe  precocious  sexual  development  was  usually  accompanied 
fcy  advanced  development  of  tie  secondary  st%x  c         . 
mental  development  and  maturity,  and  general  body  growth* 
Jolliffe  ('  sexual  syndrome 

is  probably  coaditi  ineal  body. 

Tho  effects  of  pineal  a     ition  have  boen  studied 
by  a  number  of  v     s.  At  first  it  presented  a  difficult 
problem  of  proceedure  In  order  to  avoid  killing  the  animal, 

encountered  in  securing  all  of 
:d«  This  coul        9  determined  defini 
autopsy  of  the  anir 

Danoy  (      performed  pinoalectomy  on  puppies  from 
ten  days  to  three  weeks  of  age.  following  the  removal 
he  found  "no  sexual  precocity  or     lencet  no  adiposity 
or  emaciation,  no  somatic  or  mental  precocity  or  retard- 
ation* ■  The  pineal  appa     j   was  not  essential  to  the 
life  of  the  animals  nor  did  it  seem  to  have  any  influence 
their  well-beir. .  •„ 

Or.  ry,  Horrax  (1  ealeeto«ized 

male  guinea  pigs  and  rats  four       leaned  sexual  develo  - 
ment,  i.e.,  an  increase  in  wei 

and  seminal  vesicles,  as  compared  with  the  control  litter 
mates.  The  histological  study  of  the  testes  indicated  a 

advanced  physiological  state.  Body  weights  were  not 


5 
affected.   Pew  differences  were  noted  with  animals  which 
had  passed  Maturity.  There  was  little,  if  any,  influence 
on  females.  Three  of  the  guinea  pigs  became  pregnant  but 
later  aborted. 

Working  frith  Hana  sylvatica,  Eoskins  and  Bosk-ins  (191.  ) 
removed  the  Mneals  from  70  youn?  larvae  with  the  result 
that  they  were  regenerated  uartlally  or  completely  and  the 
animals  developed  normally. 

Is*wa  ( ">   -a)  performed  plnealeetomy  on  36  chickens 
from  four  to  five  weeks  of  age.   Of  these  only  three  males 
and  one  female  reached  maturity.  He  reported  that  nineal- 
eotomised  animals  war-)  precocious  in  growth  and  sexual  ma- 
turity. The  males  crowed  prematurely  and  when  autopsied 
had  much  larger  testes.  The  young  female,  likewise,  show- 
ed a  premature  development  of  ovary  and  oviduct.   Prom 
this  he  concluded  that  the  nineal  serves  to  repress  the 
premature  development  of  the  sexual  organs  in  both  sexes. 

lEaws  (1  °3b)  reported  a  series  of  studies  on  the 
:swth  of  rinealeetomlsed  rats.  The  pineal  wae  completely 
removed  from  1°  males  and  10  females  at  20  days  of  a*e. 

?ven  males  and  IP  females  were  used  for  controls.  They 
were  autopsied  at  85  days  of  are.   He  found  the  operated 
animals  had  3      bodies,  slightly  longer  tails,  grester 
•ody  weight  and  heavier  brains  and  spinal  cords  than  their 


6 


controls.   The  hypophysis,  adrenals,  thymus,  thyroid  and 
panereas  also  ware  heavier  in  the  operated  animals* 

Later  Isava  (1926)  removed  the  pineal  bodies  frost 
immature  (30  day  old)  rats.  Kis  findings  resembled  those 
of  Horrax  (19161  -in  regard  to  the  sexual  development  of 
the  males.  However,  be  found  that  the  females  were  also 
influenced.   Compared  with  the  normal  control,  the  eyes 
decreased  5  pur   c?»nt;  gonads  Increased  about  "5  per  cent; 
and  the  pituitary  of  the  females  decreased  about  IS  per 
cent.  This  was  aocompanied  by  an  acceleration  in  growth. 
It  might  be  added  that  these  animals  were  killed  at  6C 
days  so  they  had  probably  just  reached  maturity. 

Badertseher  (1^94)  performed  pinealectomy  on  newly 
hatched  chicks.  Bis  results  were  negative.  The  experiments 
did  not  disturb  the  chickens,  «hich  developed  to  maturity 
in  a  normal  manner. 

Hofmann  (1-5)  secured  complete  removal  of  the  pineal 
in  five  out  of  ft  operated  animals*  The  loss  of  the  pineal 
seemed  in  no  way  to  affect  their  condition  of  health,  body 
prro^tr-,  formetlon  of  fat,  or  metabolism*  There  was  no 
indication  of  an  influence  on  sex  maturity  other  than  the 
fact  that  the  seminal  vesicles  were  abnormally  large. 
This  fact  alone  would  be  Important  if  lorger  numbers  had 
been  considered. 


The  effects  of  feeding  pineal  substance  bas  been  stud- 
led  by  MoCord,  Koskins,  Goddard,  Slsson  and  Finney,  and 
Addalr  and  OMdester. 

leCord  (1*14-15)  reported  experiments  where  the  pineal 
or  a  pineal  extract  was  fed  to  393  animals.  These  were 
mainly  guinea  pigs  but  ouopies,  adult  dors,  and  cMcJre 
were  Included.  Young  bovine  nineals  or  their  extracts 
were  used,   f.ome  of  the  conditions  resulting  from  the  feed- 
ing were  like  those  which  had  been  considered  as  accompany- 
ing pineal  insufficiency  as  evidenced  by  pineal  tumor.  In 
all  cases  the  experimental  animals  were  stimulated  to  more 
rapid  body  growth  but  did  not  become  larger  than  the  nor- 
mal animal.  HcCord  also  considered  there  was  precocious 
mental  and  sexual  development. 

Record  and  Allen  (1917)  demonstrated  the  presence  of 
en  active  substance  in  the  pineal  which  affected  the  pig* 
mentation  of  pineal  fed  tadpoles  and  caused  them  to  become 
very  pale.  This  substance  was  extracted  by  acetone.  This 
extract  wes  even  more  effective  than  the  pineal  feeding* 

Hoslrins  fl91fl)  however.  In  feeding  the  pineal  bodiee 
to  rats  got  very  different  results  from  those  of  SfcCord. 
lie  found  the  pineal  fed  group  agreed  very  closely  with 
the  controls  both  in  weights  of  the  body  and  of  the  various 
organs.   Instead  of  the  increased  slse  of  the  sex  organs 


he  reported  a  trend  toward  decreased  size  of  sex  orrans. 
This  was  consistent  but  slight  in  the  ease  of  the  ovaries* 
"ith  the  testes  it  was  not  so  consistent,  fie  considered 
the  number*  so  small  and  the  variations  so  slight  as  to 
make  their  significance  doubtful.   In  conclusion  he  states 
that  oossibly  pineal  feeding  retards  the  growth  of  the 
ovaries  and  testes. 

Ooddard  (lf-17)  reported  the  feeding  of  pineal  extract 
to  mentally  deficient  children.  Only  in  one  case,  that 
of  an  eight  year  old  girl,  did  he  find  any  Improvement  and 
he  concluded  that  feeding  of  pineal  extract  was  not  effec- 
tive in  these  cases* 

A  powder  prepared  from  the  desiccated  pineal s  of  young 
calves  was  used      sson  and  Finney  (1&20).  This  powder 
was  fed  to  14  rats*  Ton  control  animals  were  kept, 
animals  were  autopsied  and  the  reproductive  organs  studied. 
Bo  histological  differences  were  noted.  The  authors  con- 
cluded that  the  feeding  of  desiccated  pineal  failed  to 
produce  any  effect  on  the  early  development  of  the  rets. 
It  is  noted,  however,  that  the  controls  fenerally  had  slight- 
ly heavier  testes  than  the  corresponding  experimental  an- 
tamU, 

Addair  and  Chidester  (IMS)  found  that  feeding  pln- 
eals  to  tsdooles  hastened  metcmophosis.  Contrary  to 


0 
■•Cord's  (1917)  results  the  animal*  lost  weight  rapif 
while  the  control*  remained  eonstsrt.   Development  re- 
sponded directly  to  breaks  in  the  pineal  feeding* 

Dohrn  and  Holweg  (      report  that  the  finding  of 
their  laboratories  substantiate  tha  results  obtained  by 
McCord. 

Dixon  and  Halliburton  (1   )  experimented  with  pineal 
extract,  sheep  plneals  were  dried  in  vacuo  and  extracts 
were  made  with  (1)  cold  Ringer's  solntlo       boiled  Ri 
er'a  Solution,  (3)  1  per  cent  hydrochloric  acidf  and  (4) 
filtered,  evaporated  residue  was  dissolved  in  Rlnper»s 
and  again  filtered*  These  were  Injected  into  the  external 
Jugular  wains  of  rabbi ts.   In  general,  their  results  were 
negative* 

Jordan  and  Xyster      )  made  intravenous  injections 
of  pineal  extracts.   This  resulted  in  ■  fall  of  blood  pres- 
sure and  vasodilation  of  the  intestines.   It  aleo  had  a 
slight  effect  on  the  urine.  The  effects,  however,  were 
so  slight  that  they  concluded  if  the  pineal  contained  any 
hormone  it  wust  be  small  in  amount  and  unimportar  . 

*ore  recently  Weinberg  and  Doyle  (1931)  made  subcu- 
taneous Injections  of  extracts  of  mature  bovine  plneals 
into  *hito  mice.  Tie  injections  of  extracts  were  begun 
at  21   days  of  age  and  continued  for  ^4  days.  Bo  evidence 


10 
of  retardation  or  acceleration  of  sexual  maturity  could 
be  found. 

Weinberg  and  Fletcher  (1931)  duplicated  the  work  with 
the  exception  that  they  used  an  extract  prepared  from  the 
fresh  pineal  glands  of  calves.   The  mice  again  were  appar- 
ently not  affected  by  the  injections.   The  weights  of  the 
testes  of  the  injected  mice  were  found  to  be  neither  in- 
creased nor  decreased  over  the  weights  of  the  testes  of 
the  control  animals. 

Fenger  (1916)  made  a  study  of  the  chemical  composition 
of  the  glands  of  certain  mammals.  He  collected  and  analyz- 
ed 2544  plneals  from  cattle,  1548  from  sheen  and  506S  from 
lambs.   He  noted  the  long  glands  in  cattle  and  the  plump 
glands  in  sheep  but  failed  to  find  anything  on  the  analy- 
sis that  would  point  to  a  medicinal  value.   J're  glands  of 
older  animals  seemed  to  contain  more  phosphorus  and  less 
nitrogen  than  those  of  younger  animals. 

Efforts  to  transplant  the  pineal  have  not  proven 
successful.   Roskins  and  Hoskins  (1919)  transplanted  the 
anlacre  of  the  pineals  from  the  larvae  of  Rana  sylvatiea 
into  19  other  young  larvae.   The  transnlants  failed  to 
frow. 

The  nature  of  the  pineal  body  itself  has  been  Ques- 
tioned.  Is  the  pineal  of  a  glandular  nature  or  is  it  mere- 
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ly  a  rudimentary  remnant?  This  cuestlon  involves  more 
logical  studies.   According  to  Tilney  (1917)  and  JCrabbe 

)  the  pineal  is  decided!:  .   If  it  were  Mere- 

ly the  remains  of  an  organ  which  in  an  earlier  p:      netic 

*e  had  a  function  then  we  would  expect  to  find  it  most 
highly  developed  in  the  embryonic  stages  of  the  t 
irnals.  Thia  they  considered  is  I  ft* 

Iney  and  barren      j  in  their  monograph  on  ti 
pine;  1  stated  conclusively  that  it  is  a  gland.    'no  that 
wa»  a  gland,  it  may  in  some  cases  contribute  its  secretion 
to  the  cerebrospinal  fluid,  but  in      ij-her  vertebrates, 
aa  in  birds  and  mammals,  it  is  an  endocrine  organ  contrib- 
uting the  products  of  its  secretion  to  the  blood  strep  . 
I ey  further  state  that  in  no  way  can  the  pineel  of 
mammals  be  considered  a  residuum  of  tho  parietal  eye  of 
lower  forme.  Both  represent  specialization  ftlftag  different 
lines.  They  also  originate  from  different  areas  of  t: 
epiphyseal  complex. 

Jordan  (1  1)  made  a  c>tological  study  of  the  pineal 
of  sheep  of  from  four  to  eight  months  of  age*  Be  report- 
ed an  abundance  of  small  spherical  mitochondria  and  a  va- 
riable number  of  larger  lipoid  globules*  These  globules 
he  considered  as  the  only  c  evidence  of  secre- 

tory activity.   In  this  connection  however,  Krabbe  (1    ) 


pointed  out  that  the  Mneale  of  cattle  and  sh#an  art* 
posed  of  relatively  larger  amounts  of  connective  tissue 
and  lees  glandular  tissue  than  most  other  msmU. 

Herring  (1  ~7)  studied  the  morphology  and  histology 
of  the  pineal  region  of  the  mammal  brain*  Plneals  from 
man,  child,  monkey,  oat,  ahecp.  and  rot  were  examined* 
Re  roportod  the  bulk  of  the  bod;;  and  it*  functional  ale* 
aents  had  a  nervous  origin.  The  rat  pines!  la  eomparat ivc- 
ly  isolated  *  nd  consists  largely  of  compact  parenchymatous 
•alls*  These  calls  ha  considered  as  functional  secretory 
cells* 

VITROCS 

Immature  albino  rats  vera  used  for  this  experiwert* 
in  moat  aaees  they  ware  from  inbred  ■  ist^r  litters*  Those 
receiving  the  pineal  Implants  are  hereafter  referred  to 
as  "exporimentals*"  Eaoh  experimental  had  a  litter  mate 
of  the  same  sex  and  as  near  the  same  weight  as  poaeible 
for  a  control*   It  received  implants  of  ecual  amounts  of 
brain  tissue*  The  initial  ages  and  the  lengths  of  the  im- 
plantation periods  were  intentionally  varied  in  the  dif- 
ferent groups*   Initial  ages  ranged  from  1  to  36  days* 
Implantation  periods  varied  from  If  to  41  d»ys*  The  ex- 
parimentals  of  one  group  received  implents  of  two  pineals 


daily.   lie  experimental  of  the  other  groups  received  one 
pineal  dail  .        neale  were  taken  from  mature  rats. 
These  donor  animals  were  killed,  the  skull  opened,  Ue 
pineal  and  a  swell  amount  of  brain  tissue  removed  and  plac- 
ed in  separate  vials  containing  warm  Locke's  solutio  . 
The  prland  or  brain  tissue  was  then  niched  wp  in  a  i     la 
with  a  small  awovn  of  the  Locked  solution  and  subcutar 
ously  injected  Into  tl  e  proper  animal,  The  work  was  done  as 

'}    6  ilO 

ocfcio;  .      .".1x19,   the  i:      a  it  eas  not  expected 
l  gland  would  become  ingrafted.   :«erel..  the  absor  - 
n  of  the  daily  implent  was  desired* 

The  control  and  experimental  animals  of  the  smaller 
groups  were  ket>t  in  t!  .  r»  groups 

ey  were  separated  and      in  adjoi     cages.  Care 
was  taken  to  have  the  food,  water,  light,  and  temperature 
conditions     •  in  both  ca^es. 

*  •        ration  containing  cod-liver  oil  was  before 
i  at  all  times.   ?  ey  were  kept  In  a  eteaa  heat- 
ed building  where  a  fairly  uniform  temperature  was  mai  - 
talned. 

Sach  day,  before  inject      e  Implant,  each  animal 
wss  weighed  and  the  weight  recorded  for  later  growth  stud- 
ies. At  this  time  they  were  carefully  observed  for  evi- 
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dances  of  sexual  maturity.  The  criterion  used  In  this 
ease  wee  the  descent  of  the  testes  Into  the  scrotum,  I.e., 
scrotflllty,  of  the  asles  end  the  opening  of  the  vagina 
of  the  females. 

I   animals  were  autopsied  t|  the  end  of  the  Implant- 
ation period.   Measurements  were  ta^en  of  the  length  of 
the  body,  the  tall,  and  the  r         teg*  file 
pituitary,  thymus,  and  adrenal  glands  were  attached  I 
label*  and  placed  in  8ouir>»a  Fixative. 

At  autopsy  of  the  wale  the  nrostate,  Cowpers  glands, 
and  testes  were  fixed.  The  epididymis  was  dissected  from 
each  testis  and  the  latter  carefully  weighed.   Correspond- 
ing cross-sections  of  the  right  testis  and  long  sections 
of  the  left  testis  were  fixed. 

At  autopsy  of  the  female  sections  of  the  uterus  a 
of  the  wagina  were  saved.   !  e  ovarlee  were  dissected 
from  as  much  of  the  surrounding  tissue  and  oviduct  as  pos- 
sible and  seoarately  weighed.  They  were  then  plaeed  in 
the  fixative. 

sections  si  i  ««re  trade  of  the  ovariea. 

All  other  tissues  were  sectioned  at  V    microns.  Faematln 
end  eoaln  bluish  were  need  as  staina. 


15 


I2SULTS 

Effect  on  Body  Weight 

The  effect  of  oinesl  implants  on  body  prowth  was  one 
of  the  phases  of  the  ex     ^nt  to  be  considered.  The 
daily  record  of  body  weights  was  used  to  make  the  growth 
•owes  shown  in  Figures  1  and  S.  Figure  1  illustrates 
the  growth  in  weight  for  the  animals  of  rroups  I,  II,  and 
III  throughout  their  entire  implantation  periods*  The 
solid  lines  represent  the  controls  and  the  broken  lines 
the  experimental.  The  sales  of  eaeh  group  are  shown  on 
the  left  chart  and  the  females  of  the  corresponding'  group 
on  the  right.   Figure  I  gives  the  same  data  for  roups 
IT.  V,  and  VI.   It  can  readily  be  seen  that  the  increases 
in  weight  of  the  control  and  experimental  animals  of  each 
group  are  ouite  parallel.  Therefore  it  is  evident  that 
the  oineal  implants  had  no  effect  on  body  weights. 

Effect  on  Growth 

Weight  may  be  governed  by  the  amount  of  fat  deposited. 
Therefore,  by  itself,  weight  would  not  be  a  good  measure 
of  body  growth  if  the  animals  showed  a  tendency  to  become 
fat.  The  autopsy  records  give  also  the  length  of  the 
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right  hind  leg,  the  length  of  the  body  from  una  to  nose 
and  the  length  of  the  tail.  These  figurea  together  with 
the  weight  of  the  thyme  are  tabulated  in  Tables  1  and  II. 
Se  significant  influence  on  the  growth  of  bone  aa  indicat- 
ed by  length  is  found.  Generally,  the  heavier  anioals  have 
longer  bodies,  tails  and  lege,  although  where  the  animals 
are  nearly  equal  in  body  weight  there  are  variations. 

A  study  of  weights  of  the  thymus  shows  the  experiment- 
al female  hawing  a  heavier  thymus  than  the  control  in  seven 
out  of  eight  ©emperlsons.  This  was  not  true  for  the  males, 
however,  for  there  they  were  almost  equally  divided.  The 
thymus  was  heavier  in  the  control  in  five  of  nine  compari- 
sons. 

Development  of  the  Testes 

Table  HI  gives  the  weighte  of  both  testes  for  the 
control  and  experimental  animal  as  they  were  recorded  at 
the  time  of  autopsy.  The  last  column  shows  the  difference 
in  total  weights  (C-E).  It  will  be  noted  that  the  experi- 
mental animal  had  smaller  or  lighter  testes  than  its 
control  in  seven  out  of  nine  comparisons.  The  differences 
in  weight  range  from  64  milligrams  to  319  milligrams  in 
favor  of  the  controls. 
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Table 

I.  Comparison  of  Experimental  and  Control 
Sales  aa  to  Body  Oror 
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(^™in 

i-nrlanted), 

• 

i  Lengths  ar»  | 

p;Iven  in 

millimeter* 

• 

Attention  should  be 

celled 

to  the  two  lnetances  where 

- 

the  experimental  male  had  the  heavier  testes  (Table  III, 

Oroups  III 

and  V).  the  control  i 

mimel  V-3C  was 

apparently 

abnormal. 

Tee  weight  of 

ita  teatea  was  91  mill! 

.frame 

which  ia  much  lover  than 

that  of 

any  other  normal  animal 

II 


Table  II.  Comperlaon  of  Kxperimental  end  Control 

ilea  as  to  Body  Oroet 
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171        M 

i7s  m  m 

157  85  310 

158  M  300 

180        87 

186         7  200 

141        78  77 

bob        *■  800 

131        73  805 

141        71  107 

%m  84  400 

159  N  3S0 

158        79  335 

154        77  »t 
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VII-48       157         138  397 

"C 154  14*        78  383 

*«,  Bxperlmental  < pineal      nted);  ■:,  Control  (brain 

Implanted)  ^  Lengths  ere  given  in  millimeters. 

studied*  Animal  IV-CC  was  three  days  younger  yet  ite 
testes  weighed  311  milligrams*   In  the  eese  of  the  enimels 
of  group  in,  the  males  were  65>  days  of  age  and  had  reeehed 
full  maturity*  It  ia  possible  that  this  added  age  had 
given  the  experimented  time  to  compensate  for  an  earlier 
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retardation  and  the  difference  at  autopsy  was  merely  that 
of  normal  variation. 

In  the  other  seven  comparisons  the  differences  in 
weight  of  the  testes  range  frem  64  milligrams  to  :  1- 

11 grass*   Omlttinr  sroup  V  r1      ontained  an  abnormal 
control,  it  is  found  that  there  is  an  average  difference 
in  weight  of  144  milligrams.  The  testes  of  the  controls 
averaged  lCr4  milligrams,  "hll©  those  of  the  experiment- 
als  sveraged  940  milligrams.  This  means  that  the  testes 
of  the  experiraentals  were  15. ^  p»r   cent  lighter  than  those 
of  the  controls. 

Development  of  Ovaries 

If  the  implants  had  a  retarding  influence  on  the  tes- 
tes of  the  male  a  corresponding  retardation  of  the  sex 
organs  of  the  female  might  be  expected.  Table  IY  gives 
a  comparison  of  the  combined  weights  of  the  two  ovaries 
of  each  experimental  and  of  each  control.   In  this  case 
measurements  rather  than  weights  were  taken  on  the  first 
three  groups.  The  figures  are  in  cubic  millimeters.   In 
48C  the  control  animal  had  slightly  1-r-er  ovaries. 
The  remaining  groups  are  compared  as  to  weight  In  nilli- 
greae*  Here  again  the  eontrol  animal  had  the  heavier 
gonads  in  most  eases.   In  one  instance  thej  were  of  eeual 
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ight.  In  eight  other  comparisons  the  control  had  larger 
or  heavier  ovaries  than  the  experimental.  It  ■uiwi  then, 
that  the  •eat  retarding  inf  Inence  that  had  checked  the 
growth  of  the  testee  in  the  experimental  nales  had  also 
affected  the  development  of  the  ovaries  of  the  experimental 


Seacual  Maturity 

It  might  be  expected  that  factors  retarding  the  de- 
velopment of  the  gonads  would  likewise  have  a  tendency  to 
retard  sexual  maturity.  The  age  and  weight  at  which  the 
animals  reached  sexual  maturity  was  carefully  noted  in  the 
later  groups.  In  the  first  five  groups  only  the  condition 
at  the  time  of  autopsy  was  recorded  although  the  length 
of  the  implantation  periods  was  governed  by  the  condition 
of  maturity.  The  criterion  used  in  determining  seacual 
maturity  was  the  enlargement  of  the  testes  end  their  de- 
scent into  the  developing  scrotum  in  the  males  and  the 
opening  of  the  vaginae  in  the  females. 

Table  V  summarises  the  findings  concerning  the  matur- 
ity of  animals  of  groups  VI  and  VII*  It  is  seen  that  the 
testes  descended  into  the  scrotum  from  three  to  five  days 
later  in  the  implanted  male  than  in  the  control.  A  similar 
•sedition  is  observed  in  the  maturity  of  the  females.  The 
vaginae  of  the  experimental  females  opened  five  or  six  days 
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25 
some  interesting  data,  These  are  shown  in  the  following 
table. 

Table  VI.   Botes  on  the  Maturity  Condition  of  the 
of  ttVftas  I  to  V  «t  the  Tim©  of 


■  mbw 

in  days 
autoosy 

condition 

I-' 
I- 

. 

▼a/rina  open 
▼agina  ot>en 

II«?E 
II-4C 

52 

▼agina  closed 
▼agina  open 

III-2E 
III-4C 

62 

▼agina  open 
▼agina  open 

IV- 

IV-1 

55 

55 

▼agina  closed 
▼agina  open 

V- 

V-4C 

34 

S4 

▼agina  closed 
▼agina  closed 

e  females  of  groups  II  and  IV  were  killed  a  few 
days  after  the  control  animal  had  reached  maturity.   In 
both  eases  the  vagina  of  the  experimental  was  yet  closed 
Indicating  two  more  Instances  of  delayed  maturity  follow- 
ing the  implantations. 

As  a  further  cheek  on  the  sexual  condition  of  the 
males  at  the  time  of  autopsy  the  method  used  by  Anderson 
(1. 31b)  was  applied  to  the  males  of  group  VII.   This  method 
involves  a  study  of  smears  taken  from  the  head  and  tail  of 
the  epididymis  at  the  time  they  are  killed.   At  53  days  of 
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age  ?II-3E  and  VII-7C  were  compared.  Smears  from  the 
former  showed  spermatids  in  the  tall  and  immature  sperm- 
atozoa in  the  head  of  the  epididymis.  The  control, VII-7C, 
had  immature  spermatozoa  in  both  the  head  and  tsll  of  the 
epididymis.   At  N  days  of  ae;e  VII-3E  and  VII-5C  were  stud- 
ied.  A  viscotis  fluid  extruded  from  both  the  head  and  tail 
of  the  epididymis  of  the  control.   Numerous  motile  sperm- 
atocoa  were  found  in  both  head  and  tall.  Little  If  any 
fluid  extruded  from  the  epididymis  of  the  experimental. 
A  smear  from  the  head  had  a  few  motile  sperm* 

The  opening  of  the  vagina  is  generally  accepted  as  a 
very  accurate  indication  of  puberty  of  the  female.   In 
these  observations  it  was  found  to  be  closely  correlated 
with  ovulation  as  determined  by  the  development  of  corpora 
lutea.   Sections  of  ovaries  from  mature  experimental  and 
control  animals  showed  numerous  ova  and  follicles  in  vari- 
ous stages  of  maturity.   In  all  such  cases  corpora  lutea 
were  present,  even  tbouph  the  animal  was  autooaied  wltMn 
two  days  after  the  vapina  opened. 

The  two  instances  shown  in  Table  VI  where  the  vagina 
of  the  control  was  open  while  that  of  the  experimental 
was  closed  at  the  time  of  autopsy  gave  further  nroof  of 
relationship.  The  ovaries  of  the  former  contained  corpora 
lutea  while  those  of  the  latter  did  not.  The  age  of 


27 
pttberty  of  the  femals  was  observed  to  be  frosi  48  to  51  days 
although  one  control  was  still  immature  at  61  days.  This 
agrees  with  the  findings  of  Anderson  (li*5la,b)  who  reported 
a  variation  of  from  56  to  95  days  deoendlng  on  the  season 
of  the  year  and  the  breed  of  rats*  The  mean  average  in 
the  spring  of  the  year  was* 47,8  days.  She  also  reported 
that  maturity  was  earlier  in  the  soring  and  simmer  and  t! 
istar  albino  rats  were  earlier  than  other  breeds  studied, 

histological  and  Cytologieal  Study 

A  brief  histological  study  was  wade  of  sections  of  the 
pineal,  pitwitary,  thymus,  adrenal,  Cowpers,  prostate, 
testis,  ovary,  and  walls  of  the  uterus  and  vagina  of  a 
number  of  experimental  and  control  animals,  Except  for  the 
testes  these  tissues  showed  nothing  abnormal. 

Under  the  microscope  the  tubules  in  the  testes  of  the 
experimental  animals  were  smaller  than  those  of  a  corre- 
sponding region  in  the  control.  This  condition  was  unifona. 
Pieroohotographs  of  the  testes  (Figs.  3  to  1C)  rive  ocevlar 
evidence  of  this  variation. 

A  careful  cytolorical  study  showed  the  retardation 
of  the  testes  of  the  experimental  animals,  which  has  been 
so  consistently  found  in  other  comarisons,  was  here  reflect- 
ed in  retarded  spermatogenesis.   Comparisons  of  slides 


Figure  S.  Section  of 

animal,  II-1E. 


testis  of  the  experinental 


Figaro  4»  Section  of  the  testis  of  the  control  aalaal, 
II-3C,  shoving  the  norraal  also  of  the  tubules 
at  55  days  of  age. 


Figare  G.  Section  of  the   testis  of  the  experimental 
•omul,  IV-1  E. 


figure  6.  Section  of  the  testis  of  the  control  animal, 
IY-7  C. 


't  .   ectlon  of  the  testis  of  the  experimental 
anlneJL,  IV-.   . 


8.  Section  of  the  testis  of  the  control  aninal, 
IV-6  C. 
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wade  from  groups  of  dlfforent  ages  showed  lumina  of  the 
tubuloa  forming  later  in  the  experimental.  Futhermore 
tl  eir  development  of  primary  spermatocyte,  spermatid  and 
mature  apermatoaou  was  somewhat  slower. 

< 

DISCUSSIOB 

A  eueation  might  well  bo  raised  concerning  the  effec- 
tiveness of  subcutaneoua  implantations.  Johnson  and  v  ade 
(1.  31)  got  striking  results  in  tho  ground  squirrel  sftsr 
six  or  eight  dally  implants  of  the  pituitary*  In  using  the 
implants  it  waa  not  exuectcd  tbat  tbs  gland  would  become 

rafted.  Merely  the  absorption  of  the  daily  implant  was 
desired.  Severs!  pieces  of  skin  wbere  implants  had  been 
aiade  were  sectioned  and  studied.  Ho  evidence  of  the  growth 
of  the  gland  was  found.  In  all  cases  they  were  gradually 
being  absorbed. 

Implantations  of  the  pineal  gland  should  be  classed 
in  the  category  of  glandular  excesses.  The  results  ob- 
tained in  this  experiment  are  in  accord  with  the  slight 
indications  reported  by  Koakins  (LI'')  and  Sisaon  and 
Finney  {      with  pineal  feeding,  except  that  they  are- 
much  more  pronounced.  Since  these  conditions  result  in 
inhibition  of  sex  maturity  It  would  seem  logleel  that 
pineelectomy  would  result  in  a  precocious  sex  maturity  . 


33 
Horrax  (1916)  and  Iaawa  (1933a,  b,  rt  such  find- 

s  with  rruinea  pigs,  rats  and       -is. 

The  stares  of  spermatogenesis  reported  in  4        -ol 
animals  in  this  paper  as  well  as  those  reported  by  Anderson 
(1981)  do  not  ngree  with  some  of  the  observations  of  Allen 
(li'19)  concerning  the  maturity  of  the  spermatosoa. 
states  that  spermatids  begin  to  differentiate  at  from 
seven  to  ten  days  after  birth  and  that  ripe  sperraatosoa 
mr>r>9&r   at  the  time  of  the  descent  of  the  testes.   | 
p resent  observations  Include  only  a  few  animal?.   It 
days  of  age  only  Immature  spermatosoa  were  found  in  the 

lidymls.   J  of  the  testes  at  53  dayS  no  mature 

atosoa  were  found  and  at  43  days  of  age  the  develo- 
ps not  proceeded  f     w  than  spermatids. 
Donaldson  fmt)  states  that  "ps  a  rule  the  descent 
of  the  testes  ocwrs       the  fortieth  day  of  age  or 
somewhat  earlier."  Allen         ives  the  age  of  tie  do- 
scent  of  the  testes  as  from  36  to  40  days.   In  t!  is  paper 
the  descent  of  the  testes,  or  scrotal! ty,  was  found  to 
occur  at  from  31  to  40  days  of  age.  Where  castration  or 
v>sy  is  not  desirable  It  Is  found  tp  be  a  very  satis- 
fy means  of  observing  ouberty  in  the  male. 
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Observations  from  Vs  aniaala  Indicate  the  following 
results  of  pineal  implants  in  rats» 

I.     that  they  do  not  influence  body  growth  of  either 
•ox 
II.     That  they  do  hare  •  tendenoy  to  retard  ttmal 
asturity,  as   indicated 
A*     In  the  eaao  of  tho  mlii  byt 

1.     Ufhter  weight  of  testes  when  autopsy  is 

mads  under  00  days  of  ago 
e*     Greater  age  at  which  they  beooae  scrotal 
3.     Ssmller  also  of  tubules  in  the  teetes9and 
4*     Delayed  spermatogones la 
B*     In  the  oass  of  tho  fsssilos  byt 
1«     Snaller  or  lifter  ovaries 
.     greater  ago  at  which  tho  vagina  opens* 
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